Cellulose has a gross energy content equal to that of starch in cereal grains. However, the close physical and chemical association between structural carbohydrates and lignin and the crystalline arrangement of the cellulose polymer in plant cell walls effectively prevent extensive degradation by cellulolytic microorganisms in the digestive tract of ruminants (1). Recently it was demonstrated (2) that dilute alkaline solutions of hydrogen peroxide, required by fungi and bacteria to degrade lignin (3), partially delignify lignocellulosic materials while simultaneously reducing cellulose crystallinity. Alkaline hydrogen peroxide treatment increases the susceptibility of cellulose in agricultural residues to enzymatic and microbial degradation, suggesting that the treatment may be useful for improving the efficiency with which lignocellulosic materials are digested by ruminants. The poor digestibility of lignocellulose by the ruminant has been identified as a major obstacle to animal protein production in the face of an expanding world population (4) .
Alkaline hydrogen peroxide treatment (5) increased the rate of digestion of corncobs (Zea mays), cornstalks, and wheat' straw (Triticum aestivum), as measured by an in situ procedure (6) , from 3.76, 4.34, and 2.98 percent per hour to 6.64, 7.18, and 5.96 percent per hour, respectively. The treatment also doubled the extent of digestion of these materials over 48 hours from 47.5, 59.6, and 38.3 percent to 95.4, 95.6, and 88.6 percent, respectively.
Three experiments were conducted in vivo to determine nutrient digestion coefficients and digestible and metabolizable energy contents of feed containing alkaline hydrogen peroxide-treated wheat straw. In experiment 1,12 growing lambs (average initial weight, 22.5 kg) were assigned to one of four diets containing treated or untreated wheat straw at 36 or 72 percent of dry matter (7) . After the first experimental period, lambs were rerandomized and the experiment was repeated. Fifteen days were allowed for adjustment to the diet and 5 days for total collection of feces and urine in each period. Within each treatment group, lambs were provided with the amount of feed equal to 90 percent of the intake of the animal with the lowest consumption ad libitum in that group. Experiment 2 was conducted with mature sheep (average initial weight, 63.5 kg) in a 4 x 4 Latin-squClre design. Diets similar to those in experiment 1 were fed. Each feeding period consisted of 10 days for diet adjustment and 6 days for feed and fecal collections. All sheep were fed similar amounts of dry matter daily across treatments such that dietary intake would not confound nutrient digestibiiity. Experiment 3 was conducted with the same animals and similar diets and experimental design as in experiment 2 to measure the digestibility of treated wheat straw by sheep fed at a voluntary intake rate (feed intake similar to that expected in a practical situation). All diets were balanced to meet National Research Council recommendations for growing lambs (8) . The energy content of feed, feces, and urine (experiment 1) was determined by oxygen bomb calorimetry (9) . The fiber content of feed and feces was determined by the methoq of Goering and Van Soest (10) , with a-amylase added during the neutral detergent fiber analysis to aid in filtration (11).
In experiment 1 (Table 1) , dry matter intake and digestibility were increased such that lambs fed the diets containing 36 and 72 percent treated wheat straw consumed 122 ± 35.8 and 335 ± 35.8 g/day more digestible dry matter, respectively, than did lambs fed untreated SCIENCE. VOL. 230 wheat
the treated wheat straw diets as for those fed the tmtreated wheat straw diets. The digestible and metabolizable energy content of diets increased approximately 1.5 times as a result of treatment. Animals consuming the diet containing 72 percent untreated wheat straw lost an average of 106 g of body weight per day, whereas lambs consuming the diet containing 72 percent treated wheat straw gained weight at a rate (235 g/day) comparable to that of lambs consuming a diet composed predominantly of corn (241 g/day).
In experiment 2, the digestibilities of dry matter, neutral detergent fiber, and acid detergent fiber were greatly increased by treatment with alkaline hydrogen peroxide (Table 1) . Cellulose digestibility increased from 56 to 85 percent and from 57 to 86 percent for diets containing low and high levels, respectively, of treated straw.
The results of experiment 3 indicate that treatment of wheat straw overcomes the intake restrictions imposed by this agricultural residue in its native form. The data on digestibility (Table 1) indicate that sheep can extensively digest the treated material when it is fed to them ad libitum, supporting the contention that treatment of lignocellulosic material with alkaline hydrogen peroxide results in a feedstuff that may be used for production purposes.
The degree of microbial colonization of wheat straw in the rumen, as affected by treatment, was estimated by examining samples of ruminal contents from sheep being fed diets containing 72 percent untreated or treated wheat straw. Because cellulose degradation in the rumen requires attachment of cellulolytic bacteria to the substrate (12), straw particles were collected from ruminal fluid and examined by scanning electron microscopy (13).
The pattern of attachment of ruminal bacteria to untreated wheat straw particles was very similar to that observed previously with other lignocellulosic substrates (14) . Bacteria were attached primarily to cut or broken tissue edges, along the inner surfaces of some cells, and in areas that had been physically damaged during feed preparation or by chewing (Fig. 1, a and b) . Large areas of the straw particles were almost completely devoid of attached bacteria. In contrast, straw particles obtained from sheep fed treated wheat straw were uniformly covered by a dense population of bacteria (Fig. lc) . Although the factors regulating the attachment of ruminal microorganisms to lignocelluosic substrates are unknown, it is clear that alkaline hydrogen peroxide treatment removes a significant barrier to attachment, allowing more rapid cell wall colonization and digestion. The finding that alkaline hydrogen peroxide renders plant fibers more digestible by ruminants suggests that many alternative feed sources, including crop residues and other cellulosic plant biomass, may be used in animal production. Utilization of cellulose in this way makes available a nearly inexhaustible feed supply. Furthermore, the ability to feed highly digestible cellulosic materials to ruminants would eliminate competition between present animal production practices and the demands of an expanding world population for cereal grains.
